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Description 

Field of the invention 

This invention relates to a process and a device 
for effecting electrophoretic separations. 

Background of the invention 

Electrophoresis is a well established method for 
the separation of biochemical s. It is especially 
useful in the analysis of proteins found as complex 
mixtures in physiological fluids and tissues. Elec- 
trophoretic systems can also be used to separate 
mixtures of DNA and RNA fragments in the 
sequencing of macromoiecules. 

Typically, electrophoresis is carried out in a 
separation medium such as a gel of agarose or 
polyacrylamide. These gels are either cast in 
molds consisting of two glass plates to form a slab 
or in glass tubes to form a cylindrical gel. Gels are 
formed in the presence of buffers to control the pH 
environment of the separation as well as the 
electrical conductivity of the gel. Simple zonal 
electrophoresis separates molecules under the 
influence of an electric field according to their 
electrophoretic mobility which is a complex func- 
tion of the charge and size of the protein mac- 
romolecule. Isoelectric focusing is an elec- 
trophoretic method which uses media not restric- 
tive to the passage of protein and depends on the 
function of a pH gradient to provide a means for 
separating proteins on the basis of their isoelectric 
points. The conventional electrophoresis process 
may also be modified by the addition of a deter- 
gent to the protein mixture and the separating gel 
to effect a coating of the protein molecule to 
provide a uniform charge so that separation 
proceeds only on the basis of molecular weight. 
Molecular weight separation may also be achieved 
by adjusting the gel composition to create a 
network of pore sizes which provides a sieving 
action to separate the molecules. 

In practice, charge and size separation may be 
combined to increase resolution of the separation 
of a protein mixture. This process, 2-dimensional 
electrophoresis, can separate hundreds of com- 
ponents from physiological fluids. 

In order to effect the electrophoretic separation, 
a means for connecting an electric field to the 
separating gel is needed. Usually this is done by 
immersing the ends of the gel slab or cylinder in 
reservoirs of electrically conductive buffer. These 
are connected by platinum or carbon electrodes 
immersed in the fluid to the positive and negative 
terminals of a power supply which establishes a 
voltage gradient of from 100 — 3000 V across the 
separating gel to drive the molecules in the 
mixture through the gel matrix. This method of 
attaching the gel to the power supply requires 
large volumes of buffer to fill the reservoirs, 
immersion of the gel in buffer or connection via 
wicks and bulky apparatus for electrophoresis. 
Care must be taken in making the connection 
because gases are released during the separation 
process. These gases can impair the electrical 
connection to the gel. 



U.S. Patent 3,865,712 issued February 11, 1975 
seeks to alleviate the problem of bulkiness and 
good electrode contact by placing a filter paper 
wick saturated with a buffer over the gel. Next an 

s electrode is positioned on top of the filter paper. 
Good contact between the electrode and the filter 
paper is maintained by the use of a weighted 
member having tooth I ike elevations pressing the 
electrode against the porous material. This has the 

w advantage of permitting easy gas escape during 
electrophoresis, but in the situation where the 
wicklike material becomes somewhat dried out, 
electrical continuity is compromised. Further- 
more, this arrangement adds unneeded bu Ik to the 

15 electrophoretic system. 

In another effort to solve the problem of provid- 
ing adequate electrode contact, Tocct in U.S. 
Patent 3,715,295 issued February 6, 1973, 
describes an electrophoretic device in which wells 

20 a re formed at either end of the gel and a semi-solid 
buffer is placed in the wells over wire electrodes or 
electrodes which may be painted or printed in the 
well. While this arrangement is a significant 
improvement and certainly a step in the right 

25 direction it still does not provide a compact, 
miniaturized package in which good electrical 
contact with the gel is always maintained. Further- 
more, this arrangement does not lend itself to use 
with the 2D gel electrophoresis techniques now 

30 coming into increasing use. 

US — Patent 3 826 734 relates to an electrophore- 
tic ceil having an elongate electrolytic expanse 
which is enveloped between an overlayer and a 
substrate, the overlayer including a closable open- 

35 ing through which a liquid sample may be applied 
to a preselected location on the elongate electroly- 
tic expanse. The cell provides for separation of the 
constituents of the sample on application or 
preselected electric voltage to the cell electrodes. 

40 US — Patent 4148 703 describes a method of 
electrophoretic purification of enzymes and pep- 
tides conceiving a separation in a rectangular thin 
layer gel placed between two separate indepen- 
dent field systems perpendicular to each other. 

45 The two electrical field systems do not function " 
simultaneously, but rather operate during short 
periods of time and are switched automatically by 
controlled automatic switches. 

FR — A — 2 110 080 shows electrodes embedded 

50 in a gel. The patent teaches that gas escape can be 
facilitated by positioning the electrode either away 
from the bottom or top surfaces of the gel to permit 
a bypass over or under the electrode or by 
perforating the electrode. 

55 CH — A — 576 140 teaches the use of two separ- 
ating gels with a dividertherebetween. Separation 
is effected in one direction using one gel when the 
gap between the gels is filled with an electrolyte 
and a 90° separation performed on the thus 

so separated components. 

Summary of the invention 

In accordance with this invention as defined in 
Claims 1 and 2 an improved electrophoresis device 
65 is formed having a thin film support substrate, 
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separating gels formed on one face of the sub- 
strate, and means for applying an electric poten- 
tial across at least a portion of the gel, the 
applying means including spaced electrodes inte- 
grated into and in electrically conductive contact 
with the gel, thereby to reduce the bulk of the 
device. 

In various embodiments of the invention, the 
electrodes are secured to one face of the sub- 
strate and the electrodes are formed from thin 
films of conductive material. Furthermore the 
electrodes may be polymerically bound to the gel 
if desired and may be formed in various array 
configurations to provide various voltage 
gradients. 

In one embodiment of the invention particularly 
adopted for 2D gel electrophoresis, two different 
gels are disposed on the same substrate. Each is 
provided with its own integrated electrodes, the 
electrode pairs for each gel being positioned 
transversely of each other for the 2D procedure. In 
stilt another embodiment of the invention, a 
second gel is formed on a first substrate and 
placed face to face against the gel of a second 
substrate with a spacer film positioned between 
the gels. In this manner the 2D electrophoresis 
may be accomplished by performing the first 
dimension of electrophoresis in the one gel, 
removing the spacer film and thereafter perform- 
ing the electrophoresis in the second gel. 

According to the method described an elec- 
trophoresis device is constructed by the steps of: 
forming a sheetlike substrate of a chemically inert 
material, depositing a thin film of electrically 
conductive material on two spaced regions of the 
substrate, and overcoating the film and substrate 
with a gel electrophoretic polymer material. The 
eiectrophoretic device formed has the advantages 
of being compact and having electrodes that are 
integrated with the gel itself so that the problem 
of poor electrical contact is avoided. The inte- 
grated electrodes particularly facilitate 2D gel 
electrophoretic separations. It reduces the need 
for buffer solutions and facilitates the proper 
placement of electrodes. The thin layer gels 
reduce cooling requirements, permits higher 
speed separations and increased resolution of 
components. 

Brief description of the drawings 

Further advantages and features of this inven- 
tion will become apparent from the following 
description wherein: 

Fig. T is a pictorial view of one embodiment of 
the invention utilizing integrated electrodes in an 
electrophoretic device; 

Fig. 2 is a fragmentary pictorial representation 
of a preferred embodiment of the device of Fig. 1 
using a wick to maintain buffer solution at the 
electrodes; 

Fig. 3 is a pictorial representation of stiil 
another electrophoretic device constructed in 
accordance with this invention for performing 
two dimensional electrophoretic separations; 

Fig. 4 is a two dimensional electrophoresis 
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device performed constructed in accordance with 
an alternative embodiment of this invention; 

Fig. 5 is a pictorial representation of a two 
dimensional electrophoretic device constructed in 
5 accordance with still another embodiment of this 
invention; and 

Fig. 6 is a partial side elevation view of the 
device of Fig. 5. 

io Description of the preferred embodiment 

The various electrophoretic devices con- 
structed in accordance with this invention are 
designed to permit the use of gels having a 
relatively thin cross section formed on a substrate 
15 of a suitable filmlike material typically 50—500 
um thick. The gel is formed integrally with elec- 
trodes that are deposited on the substrate. This 
has the advantage of providing good electrical 
contact, low bulk and not requiring the addition of 
20 buffer reservoirs, wicks and the like. 

One embodiment of such a thin layer device is 
illustrated in Fig. 1 which includes a thin film 
substrate 10. The substrate may be formed of any 
of the known materials that are used as supports 
25 for electrophoretic gel media and have the 
characteristics of being chemically inert and 
having some degree of rigidity sufficient to pro- 
tect the gel from damage during handling and 
shipment. It is preferred also that the substrate be 
30 transparent. Film materials that are suitable for 
this purpose include polystyrene, polyethylene, 
ionomer films sold under the trademark Surlyn®. 
Preferably, however, a polyester film such as that 
sold by E. I. du Pont de Nemours and Company 
35 under the trademark Mylar® is preferred. Glass 
may also be used as a substrate. 

In accordance with this invention, spaced elec- 
trodes 12 and 14 arB formed along either edge of 
the substrate 10 so as to be parallel to each other. 
40 These electrodes are formed of a thin conductive 
filmiike material and it may be deposited on the 
substrate surface 10 by any suitable means such 
as vacuum deposition, sputtering, or electroless 
plating. Alternatively the conductive film may be 
45 a photopolymer which is formed in a well known 
technique using a suitable phototool to 
polymerize the desired electrode portions 12 
using actinic radiation, and the undesired excess 
photopolymer washed away. In still another 
so alternative any of the conductive pastes or inks 
may be used as desired. Pastes and inks may be 
deposited on the substrate by printing or silk 
screening. The electrodes may also be formed as 
a composite structure with a layer of a good 
55 conductor (silver conductive paste) printed first 
and a second layer of a chemically inert conductor 
(carbon conductive paste) printed over the silver. 
This allows the silver to act as a bus bar providing 
uniform voltage across the length of the elec- 
60 trode. 

Preferably, the substrate may be treated with a 
material to enhance the bond between the sub- 
strate and the electrophoresis gel. For example, 
the polyester film may be treated with a bifunc- 
65 tional carboxylic acid or anhydride or one of the 
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siianes or other materials that wilt copolymerlze 
with the gel, bonding it to the substrate. The 
electrodes may be similarly treated. 

As the next step in the method of forming the 
electrophoretic device of Fig. 1 the substrate and 
electrodes are overcoated with a separating gel to 
provide a system or a device in which the elec- 
trodes are integrated in and in good electrical 
contact with the gel. The overcoating may take 
place in a conventional manner in which a mix- 
ture of aery I amide in the monomer form and an 
appropriate initiator in buffer solution are poured 
into a mold, in which the surface of the substrate 
with the electrodes forms one wall, and allowed 
to polymerize in the form of a thin slab. The gels 
are formed in the presence of buffers so as to 
control the pH environment of the separation as 
well as the electrical conductivity of the gel. Since 
the various gels that are used for electrophoresis 
are well known, further discussion of the particu- 
lar gels that may be used is not believed 
necessary. 

After the overcoating of electrodes 12 and 14, 
electrical connections may be made to the elec- 
trodes through wires 18 which are connected to a 
suitable direct current power supply 20. Needles 
at the end of the wires 18 may be used to 
penetrate the gel and make electrical contact with 
the electrodes 12. The preferred manner in which 
the wires 18 are connected to the electrodes is 
depicted in more detail in Fig. 2 in which it is seen 
that the gel dimensions are foreshortened so that 
the substrate 10 extends beyond the gel in both 
directions and the electrodes 12 also extend 
beyond the separating gel 16 so as to be close to 
or at the edge of the substrate 10. In this manner 
simple alligator clips or other connector 
mechanisms such as electrode edge connectors 
or spring contacts of known type may be used to 
connect the power supply to the various elec- 
trodes. Another form of electrical contact to the 
electrodes may be made by platinum contacts 
forced against the ends of the electrodes which 
protrude from the edge of the separating gel. 

As may be seen in Fig. 2 it may be desirable in 
many cases that a paper wick 22, saturated with a 
suitable buffer solution, be placed on top of the 
gel 16 in the vicinity of electrodes 12 in order to 
insure that adequate buffer (and moisture) is 
available for the required electrical continuity. 

It is preferred that the electrodes be formed by 
silk screening techniques using thick film elec- 
tronics technology. A typical printed electrode 
may be in the order of 25 to 100 microns thick. 
The associated wick typically is 3 millimeters wide 
and in the order of 70 millimeters long. These 
electrodes as noted, are placed in parallel regions 
of the substrate 10 and typically are about 70 
millimeters long. Other dimensions may be used 
as well. Conductive materials that have been 
successfully used are the Du Pont low tempera- 
ture curing conductive composition, silver 4929 
and nonmetallic conductive materials such as 
carbon (Atchison Electrodag® 423SS). Other 
possibilities include noble metal coatings such as 



platinum, palladium and gold. These can be 
combined in composite layers as described pre- 
viously. Furthermore, carbon has proved to be an 
especially successful electrode material because 

5 it is chemically inert. During use, a small quantity 
of gas is produced at the electrodes and may 
either diffuse to the gel surface or can be vented 
via pinholes formed in the gel substrate. 

Rg. 3 depicts an alternative embodiment of the 

10 invention particularly adapted for 2D elec- 
trophoresis. In this instance a rectangular thin 
film substrate 30 of the type described above is 
formed with a first pair of short length electrodes 
32 at one end in opposing relationship along the 

15 width dimension of the substrate. These elec- 
trodes are overcoated with one gel 34 such as an 
isoelectric focusing gel so that isoelectric focus- 
sing separations can be effected along the width 
dimension. In addition, a second pair of elec- 

20 trades 36 is formed on the remainder of the 
substrate 30 parallel to the width dimension and 
along the length dimension. These electrodes 36 
are overcoated with a second gel 38 typically used 
for 2D electrophoresis separations such as a pore 

25 size gradient gel with sodium dodecyi sulfate 
(SDS). A region 40 is left between the two gels 34 
and 38 wherein nothing exists except for the 
substrate thereby to provide an electrical barrier 
between the two gels. At this point a fold line 42 

30 may be formed in the substrate 30 so as to 
facilitate folding the first gel 34 over to be in 
contact with the second gel 38. Folding takes 
place following the first dimension separation 
between the electrodes 32. By folding the first gel 

35 34 over to contact the second gel 38, the 
separated proteins may be contacted with the gel 
38 and transferred thereto for the second dimen- 
sion separation between electrodes 36. 

Rg. 4 depicts still another embodiment of the 

40 invention also particularly adapted for 2D elec- 
trophoresis. In this embodiment, one of the 
second electrodes, in this instance designated 36' 
is positioned in the region of the first gel 34. A gel 
interface or gap 44 is left between the two gels of 

45 relatively small dimension. Under these con- 
ditions when it is desired to perform the second 
dimensional separation, the interface gap 44 is 
simply filled with a buffer solution and the electric 
gradient established between the electrodes 36, 

so 36'. This does not require the folding or bending 
of the sheet In this manner the components 46 
separated during the first dimensional separation 
are passed directly through the buffer solution 
during the second dimensional separation to 

55 provide the second dimension separated com- 
ponents 48. 

In a further embodiment of the invention seen 
in Figs. 5 and 6, a lower substrate 10 is formed, in 
the same manner as described in connection with 

60 Rg. 1, with one gel 16 and electrodes 14 attached 
to the first substrate 10 for performing separation 
along a first dimension. A second substrate 10' 
having a second dimension gel 16' and corre- 
sponding second dimension gel electrodes 14' all 

65 on the undersurface is secured at the end remote 
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from the gel 16' to one end of the first substrate 
10 as by.a clip or bonding (not shown) to form a 
booklike device. Stated in another manner, the 
first dimension and second dimension gels 16 
and 16' respectively are facing each other. These 
gels are separated with a spacer member 50 so as 
to maintain the gels out of contact The spacer 
member 50 may be in the form of a W-shaped 
flexible member that can slip and not adhere to 
the gels. Polyethylene and polyvinyl chloride 
films are suitable for this purpose. Using this 
device, the first dimensional separation is 
effected in a normal manner. Thereafter the 
spacer 50 is removed, as by gripping and pulling 
the center fold thus peeling it away from the gels, 
permitting the gels to come in contact and trans- 
fer the separated components to the second gel. 
The second dimensional separation is then 
effected in the usual manner. 

It is thus seen that the method and device of 
this invention has many advantages. For one, the 
normal large buffer reservoirs required are 
replaced by the combination of electrodes inte- 
grated into the gel and, if required, immobilized 
buffer in the wicks. Arrays of electrodes may be 
formed on the gel substrate to allow various types 
of electrophoresis in multiple dimensions to be 
carried out in the same gel layer. Multilayer 
structures of gels and electrodes may be fabri- 
cated for moving samples from one gel to another 
in multidimension separations. The device so 
formed is complete in itself and requires only the 
addition of a power supply for operation. The thin 
layer devices have reduced cooling requirements, 
permit higher speed separations with increased 
resolution of components. 

Claims 

1. Electrophoresis device having a thin film 
support substrate (30), separating gels (34, 38) 
formed on one face of the substrate (30), and 
means for applying an electric potential across at 
least a portion of the gels (34, 38), the applying 
means including spaced electrodes being inte- 
grated into and in electrically conductive contact 
with the gel (16) on the substrate, characterized 
by the electrodes comprising two transversely 
positioned pairs (32, 36) and the gels (34, 38) 
comprising two different noncontacting gels, 
each having different separating properties and 
each of the electrode pairs (32, 36) being posi- 
tioned in a different gel (34, 38), the substrate (30) 
defining a fold line (42) in the region (40) between 
the gels (34, 38) to facilitate folding the substrate 
(30) to place the gels (34, 38) into contact with 
each other. 

2. Electrophoresis device having a thin film 
support substrate (10), separating gel (16) formed 
on one face of the substrate (10), and means for 
applying an electric potential across at least a 
portion of the gel (16), the applying means 
including speed electrodes (14) being integrated 
into and in electrically conductive contact with the 
gel (16) on the substrate (10), characterized by the 



device including a second substrate (10') with a 
second separating gel (14') formed on one face 
and second spaced electrodes (14') integrated 
into and in electrical contact with the second gel 
5 (16'), the substrates (10, 10') being in gel face to 
face relationship, and a spacer film (50) posi- 
tioned between the gels (16, 16'), the electrodes 
<14 # 14') of each gel (16, 16') being transversely 
disposed with respect to each other. 

10 

Patentanspruche 

1. Elektrophorese-Vorrichtung miteinem Dunn- 
schicht-Trager-Substrat (30), Trenn-Gelen (34, 

is 38), die auf einer Oberflache des Substrats (30) 
gebildet sind, und Mitteln zum Anlegen eines 
elektrischen Poatentials uber wenigstens einen 
Teil der Gele (34, 38), wobei die Mittel zum 
Anlegen des elektrischen Potentials Elektroden im 

20 Abstand voneinander umfassen, die in das Gel 
auf dem Substrat eingearbeitet und in eiektrisch 
leitendem Kontakt mit diesem stehen, dadurch 
gekennzeichnet, daft die Elektroden zwei trans- 
versal angeordnete Paare (32. 36) umfassen und 

25 die Gele (34, 38) zwei verschiedene, nicht mitein- 
ander in Beruhrung stehende Gele umfassen, die 
jeweils unterschiedliche Trenneigenschaften 
haben, und daft jedes der Elektroden-Paare (32, 
36) in einem unterschiedlichen Gel (34, 38) ange- 

30 ordnet ist, wobei das Substrat (30) eine Falzlinie 
(42) in dem Bereich (40) zwischen den Gelen (34, 
38) definiert, urn ein Falzen des Substrats (30) zu 
erleichtern, um die Gele (34, 38) miteinander in 
Kontakt zu brtngen. 

35 2. Elektrophorese-Vorrichtung mit einem Dunn- 
schicht-Trager-Substrat (10), einem Trenn-Gel 
(16), das auf einer Oberflache des Substrats (10) 
gebildet ist, und Mitteln zum Anlegen eines elek- 
trischen Potentials uber wenigstens einen Teil des 

40 Gels (16), wobei die Mittel zum Anlegen des 
elektrischen Potentials Elektroden (14) im 
Abstand voneinander umfassen, die in das Gel 
auf dem Substrat eingearbeitet und in eiektrisch 
leitendem Kontakt mit diesem stehen, dadurch 

45 gekennzeichnet, daft die Vorrichtung ein zweites 
Substrat (10') mit einem zweiten Trenn-Gel (16') 
das auf einer Oberflache gebildet ist, und zweite 
Elektroden (14') im Abstand voneinander umfaftt, 
die in das Gel auf dem Substrat eingearbeitet und 

so in eiektrisch leitendem Kontakt mit dem zweiten 
Gel (16 ; ) stehen, wobei die Substrate (10, 10') in 
solcher Weise zueinander angeordnet sind, daft 
ihre Gel-Seiten einander zugewandt sind, und 
eine Abstandsfolie (50) zwischen den Gelen (16, 

55 16') angeordnet ist, wobei die jeweiligen Elektro- 
den (14, 14') der Gele (16, 16') transversal relativ 
zueinander angeordnet sind. 

Revendications 

60 

1. Dispositif d'electrophorese presentant un 
substrat de support en couche mince (30), des 
gels de separation (34, 38) formes sur uneface du 
substrat (30), et des moyens pour appliquer un 
65 potentiel electrique transversa I em ent a une partie 
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de separation (16) forme sur une face du substrat 
(10) et des moyens pour apptlquer un potentiel 
6lectrique transversalement a une partie du gel 
(16) au moins, les moyens d'appitcation compre- 

5 nant des electrodes espacees (14) integrees dans 
le gel (16) et en contact electriquement conduc- 
teur avec tui sur le substrat (10). caracteris6 en ce 
que le dispositif comprend un second substrat 
(10'} avec un second gel de separation (14') forme 

w sur une face et des secondes electrodes (14') 
espacees int§grees dans le second get (16') et en 
contact electrique avec lui, les gels des substrats 
(10, 10') etant face a face, et un film intercalate 
(50) etant mis en position entre les gels (16, 16'), 

is les electrodes (14, 14') de chaque gel (16, 16') 
6tant placees transversalement les unes par rap- 
port aux autres. 
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des gels (34, 38) au moins, les moyens d'applica- 
tion comprenant des electrodes espacees sur le 
substrat integrees dans le gel et en contact electri- 
quement conducteur avec celui-ci, caracterise' en 
ce que les electrodes sont constitutes de deux 
pat res (32, 36) placees transversalement et que 
ies gels (34, 38) sont constitues de deux gels 
diffe rents sans contact, chacun possedant des 
proprietes de separation diffe rentes et en ce que 
chacune des paires d'electrode (32, 36) est posi- 
tion nee dans un gel different (34, 38), le substrat 
(30) definissant une ligne de pii (42) dans la zone 
(40) entre ies gels (34, 38) pour faciliter le pi i age 
du substrat (30) pour placer les gels {34, 38) en 
contact I'un avec I 'autre. 

2. Dispositif d'electrophorese presentant un 
substrat de support en couche mince (10), un gel 
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